We have constructed a yeast artificial chromosome contig (YAC) map of human chromosome 4q21-q23 across the Parkinson's disease region by combining molecular and fluorescence in situ hybridization techniques. This map contains 55 YACs and 51 molecular markers, including 23 polymorphic markers. We have also isolated one PI and 33 bacterial artificial chromosomes located within this contig. Plasmid libraries were generated from 11 of these BAC and PI clones, and 614 random plasmid clones were sequenced for a total of about 200 kb. This contig allowed us to precisely determine the location of 18 transcripts within the D4S2460-D4S2986 interval, including the alpha-synuclein gene found to be mutated in some families with Parkinson's disease.
Introduction
Parkinson's disease (PD) is a progressive neurodegenerative disorder that affects 1% to 2% of the population over age 50. The major clinical features of PD include resting tremor, bradykinesia and muscular rigidity. 1 ' 2 Linkage analysis in a large Italian kindred has demonstrated for the first time the existence of a gene responsible for PD on human chromosome 4q21-q23. 3 The location of this gene was first established between polymorphic markers D4S2361 and D4S421, 3 and later narrowed down to a ~ 6 cM region between polymorphic markers D4S2371 and D4S2986 (unpublished data). In an effort to identify this PD gene by positional cloning, we constructed a high-resolution physical map of the region between markers D4S2371 and D4S2986 which we also extended on the centromeric side to include marker D4S2460. The map was constructed using the Centre d'Etude du Polymorphism Humain (CEPH)/Genethon, 4 MIT/Whitehead, 5 and Stanford (http://shgc.stanford.edu/Mapping/phys-map/index.html) databases. High throughput screening of yeast and bacterial artificial chromosome libraries (YACs and BACs) and one PI library was performed, as well as fiber and metaphase fluorescence in situ hybridization (FISH) Communicated by Kenichi Matsubara * To whom correspondence should be addressed. Tel. + 1-301-402-2119, Fax. +1-301-402-2170
analyses. These data were used to construct a map that includes the location and order of polymorphic markers, transcripts, and YAC and BAC clones. In addition, construction of 11 plasmid libraries and random sequencing of clones were performed to offer additional data on the gene content within this chromosomal region. This contig map provides useful mapping information in the 4q21-q23 chromosomal region.
Materials and Methods

Oligonucleotides
Specific oligonucleotides were designed: For the ADH5 gene ADH5-5F (5'-CTTTTATAAGGCATTGCTGC-3') and ADH5-5R (5'-CAAGAGAATCACTGGGTTTC-3') amplify a 498-bp fragment that includes exon 5 (accession # M81116), and ADH5-8F (5'-TGTGATTTCTTT-TAGGATGG-3') and ADH5-9R (5'-TAGCTGTGAAG-CTCTACGAG-3') amplify a 415-bp fragment that includes exon 8 and part of exon 9 (accession # M81118). MPK-F (5'-TTGTTGCAGGTGACTAGCCG-3') and MPK-R (5'-TTAGGCTTGGATTCTCTCCC-3') amplify a 149-bp fragment of the MAP kinase gene (accession # U07620). All oligonucleotides and Map Pairs were purchased from Research Genetics (Huntsville, AL. USA). [Vol. 5.
Libraries
YAC clones from the CEPH library were grown in 25 ml culture in AHC medium (Bio 101, Vista, CA, USA) at 30 °C for 2-3 days. One milliliter of culture was transferred to a deep 96-well plate (Beckman Instruments) and aliquoted into MicroAmp Optical 96-well reaction plates (Perkin Elmer, Foster City, CA, USA) using a Hydra 96 (Robbins Scientific). Twenty-microliter PCR reactions were carried out on 2 /il of liquid culture, in a 9600 thermocycler (Perkin Elmer) under standard conditions in the presence of 0.1 mM cresol and 12% sucrose. Amplification products were migrated in 3% Ultra Pure Agarose (Gibco BRL) and visualized by ethidium bromide staining. Fifty-and 100-bp ladders (Gibco BRL) were used as molecular weight standards. BAC and PI libraries purchased from Research Genetics and Genome Systems (St. Louis, MO, USA) were screened as described earlier. 6 BAC and YAC DNAs were prepared using Qiagen kit (Qiagen, Santa Clarita, CA, USA), or the Puregene kit (Gentra Systems, Research Triangle, NC, USA) respectively.
Sizing of clone inserts
BAC and PI clone DNA was digested with Not I and Sfi I, as recommended by the manufacturer (Boehringer Mannheim, Indianapolis, IN, USA). Digestion products were subjected to a clamped homogeneous electric field (CHEF) gel electrophoresis, carried out in 1% agarose gel, 0.5 x TBE, at 6 volts/cm for 16 h at 14 °C with a 50-to 90-s ramp, using a CHEF-DRIII system (BioRad, Hercules, CA, USA). Size standards used were low and mid range pulsed-field gel (PFG) markers and lambda PFG marker (New England BioLabs, Beverly, MA, USA). DNA was visualized by SYBER Green I staining (FMC BioProducts, Rockland, ME, USA).
2.4-Fluorescence in situ hybridization
Fluorescence in situ hydridization (FISH) experiments were performed as previously described 7 with the following modifications. Colcemid was added after 72 h of mitogen stimulation, and bromodeoxy uridine (BrdU) was added to cultures at 72 h. On each slide, 1 mg of labeled BAC or YAC DNA was applied. Non-unique and nonspecific DNA hybridizations were blocked by pre-annealing the probes with a ten fold of human Cot-1 DNA. The signals were detected with either Cy5-Avidin (Biological Detection Systems Inc., Pittsburgh, PA, USA) or anti-digoxigenin conjugated to fluorescein isothiocyanate (FITC) (Oncor, Gaithersburg, MD, USA). Slides were counterstained with 4',6-Diamine-2'-phenylindole dihydrochloride (DAPI), 250 ng/ml (Boehringer Mannheim) with antifade solution. For fiber-FISH experiments, one million cells of Epstein-Barr virus (EBV)-transformed lymphoblast lines were washed twice in phosphatebuffered saline (PBS, pH 7.4, Quality Biological. Inc.. Gaithersburg, MD, USA). Four drops were placed on each slide. After air drying, the slides were immersed in lysis buffer (2 M NaCl, 25 mM Tris-HCl, \% Triton X) for 20 min at room temperature. The buffer was then removed and the slides placed in a vertical position for 2 min to allow the chromatin fibers to extend with the flow of the liquid. The slides were then fixed in a 3 : 1 mixture of methanol : acetic acid (v/v) for 15 min and a FISH protocol was performed as described above.
Analysis of random sequences
Shotgun plasmid library construction from BAC inserts, arraying, and single-pass sequencing of random clones were carried out under commercial contract at SeqWright (Houston, TX, USA). The sequences were analyzed for potential microsatellite repeating elements. Sequences were compared to GenBank database sequences (nr and dbest) using BLAST. 8 Sequences have been submitted to the GSS division of GenBank (Table 3 ).
Results and Discussion
Contig map
As a first step toward constructing a contig map of the PD critical region, we searched the following databases to identify YAC clones and molecular markers known to map near the critical 4q21-q23 interval; MIT/Whitehead: http://www.gcnome.wi.mit.edu/cgibin/contig/phys_map, Stanford: http://shgc. Stanford. edu/Mapping/phys-map/index.html, CEPH/Genethon: http://www.cephb.fr/ceph-genethon-map.html. A set of 95 YAC clones was selected and typed by polymerase chain reaction (PCR) for 136 markers. The markers were then ordered so as to minimize the number of clones with a non-contiguous set of markers. A contig map formed of 55 YAC clones (Fig. 1) was generated, that contained 18 transcripts and 33 anonymous markers, including 23 polymorphic markers.
Of these, a minimum set of 12 YACs formed a contig which covered the entire critical PD region from marker D4S2460 to marker D4S2986 (Fig. 1) . YAC addresses were also identified for 34 additional 4q21-q23 markers, including 25 ESTs, which could not unambiguously be placed within this minimum contig (Table 1) .
BAC and PI clones
Our strategy was to develop sequence based polymorphisms near the existing polymorphic markers and known genes. Towards that goal, BAC libraries were screened for 28 sequence-tagged sites (STSs) of the YAC contig (Table 2 ). A PI library was also screened for marker D4S1647, since no BAC or YAC library clone could be identified with this marker. A total of 33 BAC and one Kther clones a nd GS refer t iries were eoi pairs; ND: n me insert is i (Table 2) , and their insert size was determined by PFG electrophoresis after two independent enzymatic digestions (Not I, and Sfi I). The presence of these restriction sites within the insert of clones 335P21, 458M3, 43M21. 358M14, 62A7, and 355N11 (Table 2) , visualized as multiple digestion fragments, indicates the presence of possible CpG islands. 9 
Fluorescence in situ hybridization
Metaphase and fiber-FISH analysis of YAC, BAC and PI clones was carried out from marker D4S2460 to marker D4S2986. Metaphase FISH analysis allowed us to orient the map with respect to the centromere and telomere (Fig. 1 ). YACs were also evaluated by FISH analysis for chimerism; only one of the 12 YAC clones from the minimum contig ( Fig. 1) was apparently chimeric. Clone 966A6 hybridized to chromosome 4q22 as well as to 6p22 (data not shown). YAC clones 888B9, and 783H11 which were previously found by PCR to be chimeric with chromosome 5 (Whitehead Institute/MIT Center for Genome Research) appeared to hybridize only with chromosome 4q22 (data not shown).
Furthermore, fiber-FISH experiments were carried out to confirm the order of clones previously determined by the STS-EST contig-map. BAC clones 293H15 and 360G16 localized the MAP kinase and the ADH5 genes outside the D4S2460-D4S2986 interval, on the centromeric and telomeric side, respectively (data not shown).
Finally, by combining estimated distances between BAC clones obtained by fiber-FISH, and sizes of YAC and BAC clones, we evaluated the D4S2460-D4S2986 interval to span about 6 Mb.
3.4-Random sequences
Plasmid libraries were generated for 10 BACs and for 1 PI: from 7 of these 11 libraries, a total of 614 random clones covering a total of about 200 kb were sequenced. Sequences were compared to GenBank databases (nr and dbest) using BLAST. 8 ' 10 Sequences were submitted to GenBank (Table 3) and search results are available at http://www.nhgri.nih.gov/DIR/projects.html. D4S2460  D4S3363 -D4S2809  D4S3364  D4S3365  D4S3366  D4S3367  D4S2371  D4S2461  D4S3368  D4S3159  D4S3369-D4S1544 -D4S3370 -D4S3371  D4S3372  D4S3006  IMS 1089 -D4S2661 -D4S2671 -D4S423  D4S414 -D4S3166  D4S3037 -D4S2870 -D4S2404 D  4S2364 -D4S3224  D4S2667  D4S3373  D4S1557  D4S3380  D4S2780  D4S3374  D4S2909 -D4S2380 -D4S3375  D4S3376  D4S3377  D4S1578 -D4S1559 -D4S2407  D4S2422  D4S2829  D4S2607-D4S1560 -D4S1628 
Conclusions
We have constructed a high-resolution 6-Mb physical map of the human chromosome 4q21-q23 region between markers D4S2460 and D4S2986. This contig map contains 55 YACs and 51 molecular markers, resulting in an average density of about one marker per 120 kb. Out of 18 transcripts that we mapped within this PD critical region, only one (D4S3159) corresponded to a known gene: alpha-synuclein or non-A4 component of amyloid precursor. 11 This gene was found to carry a mutation in four families with PD.
